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Abstract
We describe a novel ﬁber-optic gas sensor which hydrogen Sulﬁde (H2S) gas can be detected by a silver coated ﬁber bragg grating
(FBG). The H2S sensitive material Ag can be coated on the cladding surrounding surface of FBG by conventional silver mirror
reaction. The scanning electron microscope (SEM) was applied to analysis the Ag ﬁlm structure before and after the interaction
with H2S gas. By conducting the experiment of Ag-coated optical sensor (AOS), the relation between the H2S gas concentration
and absorption spectrum was built. Result shows that while the concentration alters from 0 to 9.32%, a linear response of AOS
signal to H2S concentration was observed with the response sensitivity of 0.332 dBm/% and linearity R2=0.9966. Such H2S sensor
is suitable for monitoring the H2S hazard as a one time disposable logging-while-drilling sensor.
c© 2014 The Authors. Published by Elsevier B.V.
Selection and blind-review under responsibility of the Bayerisches Laserzentrum GmbH.
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1. Introduction
During the exploitation of gas-oil well, the escape of H2S gas usually causes severe damage and casualties. The
conventional diagnosis of such hazard is conducted either by analyzing the sample in the lab or monitoring the air
circumstance on the surface of the drilling-well. However, these techniques are not suﬃcient in recording real-time
information of H2S concentration. Thanks to the high electro-magnetic and corrosion resistance, high insulation,
low telecommunication losses and compact structure, the optical-ﬁber sensors become advantageous. Recently, an
methane optical sensor based on the methane absorption spectrum in the near-infrared has been introduced Qiao
(2009) Luo (2010). The similar principle was applied to H2S detection, a dependency between the H2S concentration
and the changes of absorption peak power has been developed with the sensitivity of 10 ppm Tang (2010). Previously
mentioned H2S sensing techniques are based on optical-ﬁber sensing, therefore, special characters such as: high
sensitivity, good stability and fast responsibility are revealed. Whereas, they all equipped with an inevitable large
scale gas sample cell due to the need of determining the near-infrared spectrum absorption. In any cases, such sensing
techniques are not ideal as logging-while-drill monitoring attributed to its oversize and high cost. In this work, we
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Fig. 1. Microscope image of Ag coated FBG as the AOS sensor.
present a novel H2S gas optical sensor by introducing a silver coated ﬁber bragg grating (FBG). By conducting the
experiment of such Ag-coated optical sensor (AOS), the relation between the H2S gas concentration and the peak
power of back reﬂection spectrum are studied. The temperature inﬂuence on the spectrum response is also revealed.
The structure changes of Ag ﬁlm are attributed to the adsorption of H2S, which is observed by the scanning electron
microscope (SEM).
2. Sensor fabrication
The ﬁber bragg grating applied here is an acrylate coated, single mode, Ge doped FBG (Micron Optics), which
consists of a core with diameter of 8.30±0.05 μm and a cladding with diameter of 125.0±0.5 μm. The ﬁber bragg
grating is 10.0±0.2 mm long with the reﬂective of 95%. The reﬂected spectrum centres at 1549.85 nm and the
bandwidth is 0.3 nm within 3 dB.
The Ag coating on the FBG is a result of silver mirror interaction. The detail preparation procedures are as follows:
The acrylate outer-coating on one section of the mentioned FBG is removed by sulfuric acid, as result a bare cladding
of 15 mm is revealed and soaked into the 2 ml, 0.1 mo1/L AgNO3 solution. Later, 1-2 drops of 0.2 mol/L NaOH are
added into the solution, as a result, the brown precipitate appears. Hereafter, accompanied by gentle shaking of the
glassware, 2 mo1/L ammonia is added in to the glassware drop by drop, till the precipitate is dissolved completely.
Finally, the 10% glucose solution is added and secures the glassware in 50∼60 ◦C water bath for 15 min. Eventually,
the Ag coating is established on the surrounding surface of the bare FBG. Fig. 1 shows the microscope image of Ag
coated FBG as the AOS sensor. The measurement of the diameter of the AOS is achieved by this image with the mean
value of 140.7 μm. The diameter of the cladding (125μm) is subtracted, arrives the Ag coating thickness of 7.85 μm.
3. Methodology
A high power, low noise, swept wavelength laser from the Optical Sensing Interrogator SM125 (Micron Optics) is
coupled into the AOS. Due to the periodic structure in the core which can be considered as a phase grating, a narrow
band spectrum is back reﬂected. When the AOS is immersed in the H2S gas environment, the Ag atoms in the coating
undergo chemical reactions Neri (2008):
2Ag + S −− → Ag2S + 2e− (1)
As a result, the standard metal color surface of Ag coating converts to a dark non-transparent look. This changes
the evanescence wave condition at the interface of cladding and Ag ﬁlm, leading to the decrease on the peak power
of reﬂected spectrum. Fig. 2 illustrates the surface of Ag coating before and after the contact of H2S gas. A 5000×
magniﬁcation is applied by the SEM. As it is shown in Fig. 2 (a), the silver membrane is tight and smooth indicating
free of H2S contact; yet in Fig.2 (b) the relatively homogeneous surface alters into loose and structured condition,
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Fig. 2. The comparison of the structure of the Ag-coating before and after the interaction with H2S gas (a) SEM image taken before exposure to
H2S gas; (b) SEM image taken after exposure to H2S gas.
accompanied by the visible crystalline structure. This comparison reveals the fact that the silver and H2S gas is
interacted.
4. Experimental results and analysis
In our experiment, H2S gas sample is generated by Kipp’s apparatus, as shown in Fig. 3. The generated gas is
guided into the interaction bottle where the AOS sensor and a reference FBG are settled. Both ﬁber tails are coupled
into the SM125. The initial value of central spectrum of the designed AOS locates at 1548.89 nm and the reference
FBG is at 1550.32 nm. During the experiment, all apparatus are kept under the room temperature (23.6 ◦C) and the
concentration of the H2S gas is measured by a commercial gas monitor (Protege ZM).
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Fig. 3. The experimental set-up to measure the H2S concentration inﬂuence on the spectrum of AOS.
When the H2S concentration increases, the reﬂected spectrum peak power and the position of the central wave-
length are recorded. The analysis from the data recorded by the SM125 indicates that the reﬂected spectrum decreases
when the concentration changes from 0 to 9.32%. Such trend is plotted in Fig. 4. A linear ﬁt of the peak power value
obtain from Fig. 4 is conducted and the result is shown in Fig. 5. One can observe a linear response between the
central peak power and concentration. The linear coeﬃcient of determination is calculated with R2=0.9966.
A remarkable decrease of power from -34.4 dBm to -37.5 dBm is recorded when the concentration increases from
0 to 9.32%, corresponding to a single response sensitivity of 0.332 dBm/%. In additional, one can observe that the
central wavelength drifts away from the initial value about +0.03 nm is recorded in AOS channel by SM125, as one
can expect, there is no obvious inﬂuence on the reference channel. Since it is known that the central spectrum drift
are the intrinsic characteristic for FBG, therefore such response is also studied. A temperature regulated box (DHG-
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Fig. 4. Measured changes on reﬂected spectrum when the concentration increases from 0 to 9.32%.
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Fig. 5. A linear ﬁt of the peak power values from the measured spectrum.
9023A) is applied to provide elevated temperature. AOS and the reference FBG are hung in the box and the reﬂection
spectrum is recorded during the temperature increases. The temperature scans from 25.3◦C to 116.4◦C, corresponding
to drift of the central wavelength of AOS from 1546.095 nm to 1547.046 nm, thus the calculated linear response with
a coeﬃcient of 0.0104nm/◦C. The same analysis is performed for the reference FBG, leads to a wavelength drifts from
1542.615 nm to 1543.560 nm and arrives a coeﬃcient 0.0103nm/0◦C. In Fig. 5 we plot both data with a linear ﬁt,
it shows a good linearity with coeﬃcient of determination R2=0.9995. On the other hand, the central spectrum peak
power of AOS remains idle, starting from -36.81 dBm to -37.05 dBm in the range of the 90◦C temperature change.
5. Conclusion
We have presented a novel optical H2S gas sensor based on the Ag coated ﬁber bragg grating (FBG). Ag ﬁlm has
been coated on the cladding surface of a coating-removed FBG by conducting a silver mirror interaction. Experi-
1106   Hong Zhou et al. /  Physics Procedia  56 ( 2014 )  1102 – 1106 
\ [
5ϡ 
\ [
5ϡ 
1542
1542.5
1543
1543.5
1544
1544.5
1545
1545.5
1546
1546.5
1547
1547.5
     
W
av
el
en
gt
h 
[n
m
]
Temperature [Celsius]
Temperature related spectrum shift
AOS linear fit
Ref. linear fit
Fig. 6. Linear ﬁts of the measured spectrum from both AOS and reference channel when the temperature increase from 25.3◦C to 116.4◦C.
mental has shown that the reﬂected central peak power decreases with the increase of the H2S concentration. In the
concentration range of 0∼9.32%, a linear dependence has been observed with a signal response of 0.332 dBm/%,
and the linear coeﬃcient of determination R2=0.9966. Experiment also showed that the insensitivity of such sensor
respect to the temperature change from 25.3◦C to 116.4◦C. Such H2S sensor is simple and cost-eﬃcient in fabrication;
it is suitable as the disposable sensor for logging-while-drill H2S monitor. The potential to extend the measurement
range and sensitivity exists due to diverse coating materials and techniques. Similar sensing principle can be applied
in monitoring other gas in the similar environment.
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